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Abstract 
Steel-corroding protection has been one of the most important research fields because of the great significance of steel in national 
defense, industry and our daily life. In the presented work, a novel corrosion inhibitor and its corrosion-inhibiting performance 
which was determined by an electrochemical approach supported with weight-loss method were reported. The presented inhibitor, 
i.e., palmitic acid polyacrylamide, was synthesized via a requrqitant condensation route in the presence of palmitic acid, 
ethylenediamine and dimethyl benzene. The optimal preparing conditions were obtained by orthogonal experiments, and the 
corrosion-inhibiting property of palmitic acid polyacrylamide at different concentration was also investigated. The results show
that the corrosion-inhibiting efficiency was up to 78.1%, indicating its potential application for protecting steel from corrosion in 
national defense, industry and our daily life. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Steel as a kind of significant building block has been used in many fields, like industry, national defense, and our 
daily life. In these years, steel-corroding issues have received broad attention worldwidely because of the increasing 
loss caused by corrosion in applications, such as the broken of oil tubes, the rust of ships and cars, the weakness of 
buildings, etc [1-5]. There are many approaches for the protection of steel from corrosion, among which the usage of 
corrosion-inhibitors is an important one [6,7]. Corrosion-inhibitors have been focused due to their advantages 
including little quantity, high efficiency, simple operation, and rapid response [8,9].  
Compared with some other anti-corroding methods, it is not necessary for corrosion-inhibitors to add some 
append equipments. For example, electric power with constant voltage and sacrificed anode are necessary for 
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electrochemical protecting method. The modification of steel, like paint and electroplate, is also unnecessary as for 
corrosion-inhibitors. Therefore, corrosion-inhibitors are especially suitable for the cases of chemical washing and 
acidification of oil pocket [10]. During the past few years, they have been used widely for the protection of steel. 
However, some corrosion-inhibitors are selective with relatively low efficiency, and some of them can only be used 
and activated in specific places, like artesian well, dock, and bridge [11-14]. In addition, facile synthesis of them 
also remains a great challenge. So, developing novel corrosion-inhibitors with high anti-corroding efficiency and 
simple preparing process is fascinating and significant for applications. 
Herein, a novel corrosion inhibitor (i.e., palmitic acid polyacrylamide) and its corrosion-inhibiting performance 
which was determined by an electrochemical approach supported with weight-loss were presented. The optimal 
preparing conditions were studied by using orthogonal experiments, and the corrosion-inhibiting property of it at 
different concentration was investigated systemically. Moreover, the corrosion-inhibiting mechanism was also 
demonstrated. 
2. Experimental section 
2.1 Synthesis of palmitic acid polyacrylamide 
All chemicals were analytical grade and used without further purification as purchased from Shanghai Chemical 
Reagent Ltd. Co. of China. The palmitic acid polyacrylamide was prepared via a requrqitant condensation method in 
the presence of palmitic acid, ethylenediamine and dimethyl benzene. In a typical procedure, palmitic acid and 
dimethyl benzene was mixed by constant string. And then, ethylenediamine with designed amount was also added 
into the solution obtained above. The mixture was further transport into a flask with three necks. The reaction 
temperature and time were set at 130±10 ºC and 4±1 h, respectively. After the finish of reaction, the remained 
dimethyl benzene was distilled under negative pressure.  
In order to get the optimal conditions for the synthesis of palmitic acid polyacrylamide with high-yield, factors 
and levels for orthogonal experiments were designed, as shown in Table 1. 
Table 1. Factors and levels set for the oorthogonal synthesis of palmitic acid polyacrylamide with high-yield. 
Factors 1 2 3 
Ratio (A, npalmitic acid: nethylenediamine)
Time (B, h) 
Temperature  (C, ºC) 
1: 1.1 
3
120 
1: 1.2 
4
130 
1: 1.3 
5
140 
2.2 Corrosion-inhibiting property characterization 
(1) In corrosion-inhibiting measurements, X-65 carbon-steel was employed as target. Before tests, all the steel 
samples were polished by 600#, 800#, 1000#, and 1200# sand paper in turn. And then, they were washed with alcohol 
and acetone. Subsequently, they were weighted, and their areas were also measured. The samples were put into a 
reactor in which there was a solution containing a certain amount of Na+, Mg2+, Ca2+, and SO4
2-. After that, CO2 was 
input to the reactor until the pressure was up to 0.5 MPa. In this condition, the steel samples were corroded for 48 h. 
At last, the samples were washed and weighted again in order to calculate the corroding speed. In our study, the 
weight loss in palmitic acid polyacrylamide solution at different concentrations (0.2, 0.1, and 0.08 g L-1) was studied 
systemically. 
(2) The electrochemical detection was carried out on a PARSTAT-2263 electrochemical station. The steel 
samples, platinum electrode, and saturate calomel electrode were set as working electrode, assistant electrode and 
compare electrode, respectively. During experiments, the corrosion solution was put into the electrolytic cell. 
Moreover, in the condition of blank solution without palmitic acid polyacrylamide, Tafel polarization curve was also 
measured for comparison. 
3. Results and discussion 
3.1 Optimal high-yield synthesis of palmitic acid polyacrylamide 
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The mechanism of the designed preparation was shown in formula (1). There are two steps in the whole process, 
i.e., the synthesis of ammonium salt as precursors and the thermal dehydration of them. The results of the designed 
orthogonal experiments were presented in Table 2. It can be found that the yield of palmitic acid polyacrylamide 
was the largest in the case of A2B3C3. In other words, the optimal conditions for high-yield synthesis of palmitic 
acid polyacrylamide are of that: the reaction time is 3 h, molar ratio of oleic acid to ethylenediamine is 1: 1, and the 
reaction temperature is 130 ºC. On the basis of the results of orthogonal experiments, range analysis was further 
investigated. Taking the factor A as an example, it is considered that the influences of the other factors (i.e., B and C) 
are all the same to the yield rate. By following it, the ranges were calculated from the results of orthogonal 
experiments, as presented in Table 2. 
    OHNHCHCONHCHCHCHNHCHNCHHCOOHCHCH 2222142322221422 o            (1) 
Table 2. Results of orthogonal experiments. 
No. A B (h) C (ºC) Yield rate (%) 
1
2
3
4
5
6
7
8
9
I
II 
III 
R1
R2
R3
Range 
A1 (1: 1.1) 
A1 (1: 1.1) 
A1 (1: 1.1) 
A2 (1: 1.2) 
A2 (1: 1.2) 
A2 (1: 1.2) 
A3 (1: 1.3) 
A3 (1: 1.3) 
A3 (1: 1.3) 
243.9 
248.5 
246.5 
81.3 
82.5 
82.2 
1.2 
B1 (3) 
B2 (4) 
B3 (5) 
B1 (3) 
B2 (4) 
B3 (5) 
B1 (3) 
B2 (4) 
B3 (5) 
242.2 
248.7 
247.1 
80.7 
82.9 
82.4 
2.2 
C1 (120) 
C2 (130) 
C3 (140) 
C2 (130) 
C3 (140) 
C1 (120) 
C3 (140) 
C1 (120) 
C2 (130) 
243.6 
242.3 
252.0 
81.2 
80.8 
84.0 
3.2 
78.5 
81.8 
83.6 
84.1 
82.5 
81.9 
79.6 
84.3 
82.6 
The range calculated from Table 2 was shown in Figure 1. Seen from Figure 1, the influence of reaction 
temperature to the yield of palmitic acid polyacrylamide is the most important one compared with reaction time and 
moral ratio of reagents. The range of temperature, time, and molar ratio are 1.2, 2.2 and 3.2, respectively. Higher or 
lower temperature for the preparation of final products was not suitable to get a high yield rate. Similarly, proper 
reaction time and moral ratio are also necessary for the synthesis of palmitic acid polyacrylamide. 
Figure 1. Graph of average factor index. 
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3.2 Corrosion-inhibiting performance of palmitic acid polyacrylamide 
Before the electrochemical detection, a weight-loss method was employed to investigate the corrosion-inhibiting 
performance of the as-synthesized palmitic acid polyacrylamide at different concentrations systemically. The 
corrosion speed (F) and corrosion-inhibiting efficiency (R) are calculated by formula (2) and (3),  
st
WWF


 10                         (2) 
%100
0
10 u

 
F
FFR               (3) 
where F, W0, W1, t, s, R, F0, and F1 are corrosion speed (g cm-2 h-1), weight of steel sample before corrosion (g), 
weight after corrosion (g), corrosion time (h), area of sample (cm2), corrosion-inhibiting efficiency (%), blank, and 
corrosion speed with inhibitor (g cm-2 h-1), respectively. The results of weight-loss measurements are listed in Table 
3. It is found that the corrosion speed decreases obviously depending on the adding of palmitic acid polyacrylamide 
in solution, indicating the inhibiting effect of it. It is also revealed that a suitable concentration of palmitic acid 
polyacrylamide is necessary to get a high inhibiting efficiency. When the concentration of palmitic acid 
polyacrylamide is 0.1 g L-1, the corrosion-inhibiting efficiency is up to 78.1%. More or less amount of palmitic acid 
polyacrylamide would not advantage for the form of defense film and the effective dissolution and diffusion, 
resulting in a lower inhibiting efficiency. 
Table 3. Corrosion-inhibiting results obtained from weight-loss method. 
Corrosion 
medium 
Sample size 
(cm×cm) 
Surface
area (cm2)
Initial 
weight (g)
Final
weight (g)
corrosion
speed 
(g cm-2 h-1)
corrosion-
inhibiting 
efficiency (%)
Blank 
solution 
0.2 g L-1 
Inhibitor 
0.1 g L-1 
Inhibitor 
0.08 g L-1 
inhibitor 
2.5×5.0 
2.5×5.0 
2.5×4.9 
2.5×5.0 
2.5×4.9 
2.5×5.0 
2.5×5.0 
2.5×4.9 
12.50 
12.50 
12.25 
12.50 
12.25 
12.50 
12.50 
12.25 
18.9557 
18.7535 
18.0620 
18.4076 
18.3214 
18.3027 
18.7112 
18.6007 
18.9317 
18.7263 
18.0528 
18.3971 
18.2609 
18.2971 
18.6201 
18.5931 
4.0×10-5
4.5×10-5
1.6×10-5
1.7×10-5
1.0×10-5
9.3×10-6
1.5×10-5
1.4×10-5
-
-
62.4 
60.0 
75.8 
78.1 
64.3 
67.1 
The Tafel curves obtained from electrochemical measurements were shown in Figure 2. Extended from the linear 
region in Tafel curve, a point of intersection can be obtained. Correspondingly, its potential is self-corroding 
potential, and the current is self-corroding current. In our investigation, the self-corroding potentials and current are 
-0.73 V and 1.15 A, respectively. Moreover, the polarization rate as an important factor for the investigation of 
electrochemical corrosion was also studied. The sharper the polarization curve is, the larger the polarization rate 
would be, and thereby it is more advantage for corrosion-inhibiting. In this condition, there would be two aspects. 
When the blank curve located at the external place of anode curve, the anode polarization occurred. By contrary, the 
cathode polarization happened if the blank curve located outside the cathode curve. In Figure 2, it can be found that 
the corroding current decreased when palmitic acid polyacrylamide was added into the solution compared with the 
blank one, indicating that the corroding speed was decreased by the inhibitor. In addition, the slope of the 
polarization curve of palmitic acid polyacrylamide increased, revealing that the anode polarization was strengthened 
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by the inhibitor. The corrosion was restrained effectively, and the palmitic acid polyacrylamide was determined as a 
kind of cathode-typed corrosion-inhibitor. 
Figure 2. Tafel polarization curves in the solutions contain palmitic acid polyacrylamide and the blank one 
for comparison. 
As for the inhibiting mechanism of palmitic acid polyacrylamide, the CH3(CH2)7CH=CH(CH2)7CO and CONH-R 
groups in its molecular structure would be potential contributors. Palmitic acid polyacrylamide can adsorb on the 
surface of steel in a high density, resulting in a molecular film for the protection of steel from corroding solution. In 
this condition, the corroding ions in solution cannot adsorb on the surface of Fe, and the diffusion of O atoms was 
also restrained. Both of the aspects mentioned above make the palmitic acid polyacrylamide to be an effective 
corrosion-inhibitor for the protection of steels. 
4. Conclusions 
In summary, palmitic acid polyacrylamide and its corrosion-inhibiting property which was determined by an 
electrochemical approach supported with weight-loss method were presented. A requrqitant condensation process 
with palmitic acid, ethylenediamine and dimethyl benzene was designed to synthesize palmitic acid polyacrylamide 
with high yield. The optimal preparing conditions were obtained via orthogonal experiments. The corrosion-
inhibiting performance of palmitic acid polyacrylamide at different concentration was investigated. The results show 
that the corrosion-inhibiting efficiency is up to 78.1% at a suitable concentration of 0.1 g L-1. In electrochemical 
study, it is found that the corroding current decreased when palmitic acid polyacrylamide was added into the 
solution compared with the blank one, indicating that the corroding speed was decreased by the inhibitor. Besides, 
palmitic acid polyacrylamide was determined as a cathode-typed corrosion-inhibitor. The corrosion-inhibiting 
mechanism was also demonstrated from the molecular structure of palmitic acid polyacrylamide. The good 
corrosion-inhibiting performance indicates that palmitic acid polyacrylamide would be a potential candidate for the 
steel protection from corrosion in both military and civil applications. 
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